Initial Topics and Dilemmas Introduction to Ethical Decision Making Involving Genetics
For each of the four main topics below, consider what ethical dilemmas surround it by addressing the dilemma questions at the end of each topic. Write down a list of different possible "sides" to answer the dilemma questions. What is a reason that someone would support each side? For each dilemma question, consider the following ethical decision--making questions (modified from Velasquez et al. (1) ): 1. What benefits and harms will each alternative produce, and which will lead to the best overall consequences? 2. What moral rights do the affected parties have, and which alternative best respects those? 3. Which alternative treats everyone the same without favoritism or discrimination, except where there is a morally justifiable reason not to? 4. Which alternative advances the common good? 5. Which alternative develops moral virtues? 1. Stem cells are undifferentiated cells that have the potential to become a wide variety of cell types. Different types of stem cells have different levels of potency. Embryonic stem cells (ESCs) are pluripotent, meaning that they have the potential to differentiate into any type of cell. Once cells have begun differentiation, it is currently impossible to reverse the process artificially without disrupting cell function, such as inducing tumorigenicity. In 1995, President Clinton allowed federal funds to be used for research using cells from human embryos, although those cells had to originate from leftover in vitro fertilization (IVF) embryos. In the same year, Congress overturned the allowance, banning federal funds from supporting research that would destroy any human embryo, even if it were leftover from IVF. In 2001, President Bush allowed already exiting ESC lines to be used in federally funded research. Many of these lines contain genetic abnormities and are contaminated with mouse feeder cells. Since then, a few restrictions have been lifted, but federal law remains in flux regarding research on human ESCs (2) .
IVF is now well established. The U.S. Department of Health and Human Services suggests that there are over "600,000 cryo--preserved embryos in the United States" (3). The length of time for which frozen embryos remain viable is currently unknown. It remains illegal to destroy a human embryo while conducting federally funded research, and so many of these embryos remain in storage. Some embryos are donated to other couples in a process known as "embryo adoption."
What uses of leftover IVF embryos should and should not be allowed? How long should IVF embryos be left in storage and who should pay for storage? Should federal funds support research on ESCs? Where should ESCs come from? Should new ESC lines be established and if so, where should the cells come from? What sorts of information are needed to make a decision? 2. The Human Genome Project cost approximately $3 billion and took 13 years to complete, with annotation finished in 2003 (4). Even with its declared completion, work on the project continued for some time to clean it up and fill in gaps. Thanks to the annotation and new sequencing technologies, we are quickly approaching "the thousand dollar genome" (5) . Even without sequencing a person's entire genome, there is much genetic information that can be gained, such as levels of gene expression by microarray and specific single nucleotide polymorphisms (SNPs) that may indicate the likelihood of developing disease. How different alleles and expression levels interact with each other and environmental factors remains largely unknown -the presence of a specific allele alone often does not guarantee that a person will develop a disorder or dictate the severity of the disorder. Genetic counseling is not always available with genetic testing. Other family members may not want to know what alleles they have a chance of carrying. Life and health insurance companies may benefit from knowing the results of genetic testing. Testing is also possible on IVF embryos and on amniotic fluid. Should the police or other government agencies be allowed to keep genetic information on record for individuals who have been arrested? What sorts of information are needed to make a decision? 3. Genetically modified (GM) crops make up a majority of our plant--based food supply and are used to feed livestock. These crops may be modified to resist herbicides, pathogens, or various types of stress. Often, crops are genetically modified for compatibility with a treatment, such as "Roundup Ready" crops engineered by Monsanto. These crops are resistant to glyphosate, the active compound in the herbicide Roundup. Companies that engineer GM crops hold the patents to the modifications, and as such, they require farmers to purchase new seeds each year (6) . Questions arise as to the effects GM crops have on people who consume products made from them, the effects of increased chemical usage due to treating GM crops, and whether GM crop production is sustainable. Other concerns have arisen when unwanted horizontal gene transfer of the genetic modification contaminates non--GM fields. Other GM plants, such as tobacco and banana, have been engineered for use as a way to deliver vaccines (7) .
Who is responsible for determining the long--term effects of GM plants and related chemicals on human health and the environment? Who is responsible in preventing contamination, and what should be done if contamination occurs? What legal recourse should farmers and the seed companies have? Who should control the growth of crops used to administer vaccines? What sorts of information are needed to make a decision? 4. H5N1 is a subtype of the influenza A virus that is both highly pathogenic in birds and naturally has a high mutation rate. This subtype is commonly referred to as "avian flu," because although it can devastate bird populations, it is known to pass to humans only through direct contact with infected birds. Scientists often induce mutations in genes to study their function; often this research allows the scientific community to be prepared for emerging diseases. Recently, scientists at The University of Rotterdam in The Netherlands created a total of five mutations in two of the genes found in H5N1 so that the newly created virus can pass between ferrets in the lab (the mammalian model organism for respiratory viruses) (8) . In January 2012, the World Health Organization (WHO) instated a 60--day moratorium on the research and on releasing any data for publication. In February, scientists from around the world met to deliberate on what should be done with the virus and the data generated from the studies (9) .
What information should be made available and to whom? Should the strain be made available (this is expected of anything that is published in a peer--reviewed journal)? What about the knowledge of what the five mutations were or even what the two genes were? Should the paper be published but with critical data redacted (WHO decided against this)? Who should be involved in making these decisions? What sorts of information are needed to make a decision?
Polling Questions
After discussing dilemmas, students were polled as to which side or sides of an issue they favored via the iClicker 2.0 response system (reference 3). This allowed discussion during the poll as well as the ability to view class results during polling. The iClicker 2.0 allows each student to enter multiple responses by using the alphanumeric entry method. Questions could be recast if a system allowing only one response were used, or instructors could simply print out the questions and conduct the poll via paper. Below are the questions asked of students. 
Assignment Guidelines and Rubric

Congressional Subcommittee Hearing Assignment
The field of Genetics has led to a variety of new technologies, including stem cell research, the ability to sequence each individual's genome, genetically modified crops, and the ability to create "superbugs," among others. The Committee on Commerce, Science, and Transportation of the Senate of the United States, Science Ethics Subcommittee would like to be informed of various sides of current ethical issues concerning genetics so that they may consider appropriate bills and may provide funding opportunities. You have therefore received or will receive a subpoena to appear before the subcommittee.* Your role will be to give testimony defending the topic assigned to you as though you held the position indicated in the subpoena. You will have six minutes to deliver a carefully designed argument supporting your side. Your presentation will be entirely oral -you will not use slideware. You will be allowed no more than six 3 by 5 index cards, but to be persuasive, you should not read directly from them as you speak. You should practice your testimony several times before speaking. You will also need to submit "evidence," which should include a bibliography containing at least six published sources that you used to construct your argument. These sources may come from primary scientific or ethical literature, laws currently or formerly enacted, bills, or court documents, and no more than one may come from the popular press. You will have a chance to hand in your evidence after your testimony. Be sure to compose and clearly state a succinct thesis and reasons to support your thesis. Each reason should be developed and supported by several pieces of evidence. To ensure that the subcommittee knows what parts of your argument come from which source, make sure you refer to the source by name during your testimony. Be sure to also provide a counterargument and rebuttal of it. Please consider the following questions (modified from Velasquez et al.) . While you do not have to address every one of them, you should address many. 1. What benefits will your position produce? What harms will your opponents' position produce? 2. What moral rights do the affected parties have, and how does your position respect those rights? 3. How does your position treat everyone the same without favoritism or discrimination, except where there is a morally justifiable reason not to? What are those reasons and how are they justified? 4. How does your position advance the common good? 5. How does your position develop moral virtues? * Please note that this is not a real subpoena to appear before anything other than to attend class during your regularly scheduled lab time to give your presentation on this assigned ethical issue. This herein in no way represents an actual subpoena with any legal standing nor does it represent an actual communication from the Senate of the United States or any of its committees or subcommittees.
Student Reflections
Immediately after the last testimony of the day, all students were asked to reflect on the assignment by answering the following:
Please reflect on how your views have changed (or not) while conducting the research for this assignment. What was your position on your topic before and why? What was your position after and why did you change (or not)? Has this assignment made you more aware of ethical dilemmas and their importance in society and why or why not? Student responses were categorized into whether they held their original position (same side), if they now had an intermediate opinion (on fence), or if they held the opinion they had been assigned (changed side) ( Figure 1) ; although all students were assigned a topic opposing their reported opinion, a subset of students reported that they had been assigned the side with which they had already agreed ("same side"). All of these students stated that their position had remained the same. A possible interpretation of this is that those students did not hold a strong opinion on the dilemma they had been assigned and therefore they had been easily swayed to the position they were asked to defend, not remembering what they had initially reported. In addition, 46% (2013) and 17% (2014) of students holding the same side reported that they now had an appreciation for the opposing position. 14% (2013) and 19% (2014) responded that they had not considered their assigned topic before or did not even realize there was a dilemma. Unprompted, 3% (2013) and 17% (2014) freely stated that they benefited from hearing presentations from the other students. In 2013, students were not asked if they were now more aware of dilemmas and their societal importance, but 19% of those students stated that they had a broader perception. In 2014 when students were asked if they were more aware of the importance of ethics related to genetics in society, 67% stated that they were much more aware or that their eyes had been opened. Figure 1 . Categories of student responses when asked to reflect on the position they hold on the issue they were assigned. *Students who reported that they had been assigned their original position and had not changed that position. NR = no reflection from student. 
